One of the main concerns associated with the development and use of regional CGE models is the determination of key parameter values, particularly substitution and other price elasticities. A common problem is the lack of appropriate regional data for econometric estimation.
Introduction
Many variations of computable general equilibrium (CGE) models of the U.S. national economy have demonstrated the value of the approach in assessing the potential long-run effects of government policies, impacts of environmental actions as well as the effects of proposed and enacted free trade agreements. At the regional level, the analyses of those effects within countries have been more limited and problematic Rickman, 1998, 2010; Holland, 2010) . A likely reason for the lack of regional CGE studies (examples include Dixon et al., 2007; Hoffmann et al., 2006; Seung et al., 2010) is that the necessary regional data in a suitable form are often not available. Moreover, a number of unresolved behavioral issues remain, including the extent of interregional factor mobility and the uniqueness of regional goods. As a result, the level of uncertainty and the magnitude of errors in regional CGE models may be higher than those in nationallevel models.
For example, although elasticities of import substitution have been extensively estimated for U.S. trade (Stern et al., 1976; Shiells et al., 1986; Shiells and Reinert, 1993) , limited information is available for elasticities of substitution for regional imports. Therefore, regional CGE modelers often use elasticities estimated for national commodity or industry classifications that may not be consistent with those maintained in the model, outdated estimates from past literature, or only 'best guesses' when no published figures are available (for a review, see Rickman, 1998, 2008) .
However, if parameters are specified without representing regional characteristics, any simulation results are likely to be inaccurate.
Recognizing this problem, CGE analysts have directed attention to the issue of uncertainty and error of behavioral parameters and many researche rs have tested the uncertainty and errors surrounding these parameters in terms of their impact on the model (e.g. Hertel, 1985; Harrison and Vinod, 1992; Harrison et al., 1993; DeVuyst and Preckel, 1997) . Such sensitivity analyses are considered as an important step in the application of CGE models to evaluate the variability of results of simulating policy and other disturbances to model specification.
Generally, knowledge of key parameters is important for CGE analysis of a small open economy because of the degree to which a policy change that will affect key macroeconomic variables will depend on the magnitude of key price elasticities and other parameters adopted in the model. Here, we focus on the estimation of regional trade (import) substitution parameters for the Illinois economy. These parameters are generally important in analysis for regional economies, which tend to be more ope n than national economies. Specifically, we estimate commodity import elasticities for the case of Illinois and the rest of the US (RUS). A model is applied where account is taken of market size and distance in estimating the substitutability between commodities produced in Illinois and other US states.
The remainder of the paper is organized as follows. Section 2 provides theoretical background for the regional import elasticity estimates. Section 3 explains the analytical model and data, with results of the parameter estimation following in section 4. Section 5 introduces the Illinois CGE model and tests the impact of introducing the estimated parameter values. Section 6 provides conclusions.
Regional import elasticities -theoretical background
Regional economic policy can affect the price of traded goods relative to domestically produced goods. For example, tax and subsidy policy or any type of government regulation that affects the behavior of firms or consumers may influence trade between regions. Even though differentiation by government agencies at the regional level may not be as pronounced as at the national level, at the margin, the differences may turn out to be important. The "cost of doing business" is often highlighted as an important discriminator in the choice of location by many firms. Furthermore, processes of fragmentation and hollowing out and changes in the nature of regional specialization have combined to generate increased interregional trade at the expense of intraregional trade (see Hewings and Parr, 2009; Romero et al., 2009) . As a result, a key relationship for regional CGE analysis is the degree of substitution between intraregional and interregional traded goods, commonly identified as the Armington price elasticity (Armington, 1969) . Commodities produced at different locations are seldom perfect substitutes. Because of real or apparent differences, discriminating buyers evaluate their willingness to substitute between imports and domestic goods within comparable product categories. Thus, there exists a potential for price differences between locally produced and imported products from comparable product categories (Reinert and Roland-Holst, 1992 ). The factors determining the different price of goods are various: the demand for consumption and industrial inputs, the supply of production (labor costs, costs of materials), and technological progress in the transportation sector as well as improvements in the efficiency of transactions.
The hypothetical representative consumer (be they an intermediate or final consumer) minimizes costs or maximizes utility from a composite (Q) of imported (M) and domestic (D) goods, and it is assumed there are continuous substitution possibilities between the two options. The individual consumer's decision problem is to choose a mix of M and D that minimizes expenditure, given respective prices p m and p d and the desired level of Q. In other words, consumers purchase quantities of domestic versus imported goods depending on their willingness to substitute and the ratio of the two prices. In the Armington specification, a CES functional form is chosen for Q:
where α and β are calibrated parameters and σ is the elasticity of substitution between imports and domestic goods. The solution to the consumer 's optimization problem will be to choose imports and domestic goods whose ratio satisfies the first-order condition:
which is the familiar equivalence between rates of substitution and relative prices. The parameter σ also can be interpreted as the compensated price elasticity of import demand.
Commodity-level estimates of Armington elasticities for the US have appeared over the last few decades. For example, Stern et al. (1976) estimate US imports-demand elasticities for 28 commodities produced by industries identified at the three-digit SIC level and divide them into three categories, extremely import sensitive, moderately import sensitive, and import inelastic. Shiells and Reinert (1993) use quarterly data over the period 1980-1988 and obtain estimates for 128 mining and manufacturing sector outputs. One of the most widely cited studies in the literature, Reinert and Roland-Holst (1992) 
Econometric model and data
To estimate regional import elasticities for Illinois, data are selected from published information on 2002 commodity flows data (Bureau of Transportation Statistics, 2005) Although a number of trade models have been developed, the CES structure is relatively easy to explain and estimate so that the analytical specification follows Bilgic et al. (2002) and Erkel-Rousse and Mirza (2002) . For the first specification, a CES function is adopted to represent the direct commodity satisfaction (utility) index, which applies to all consumers, intermediate or final (data are not available to estimate for different consumers individually):
where j=1,…r for region (state); k=1,…n for commodity group;
;  is a substitution parameter;
ILk X refers to (total) intraregional commodity consumption of Illinois for commodity k; and jk X refers to (total) interregional commodity consumption by Illinois from other states j for commodity k. The CES is linear in parameters, and thus more easily estimated (Chung, 1994) .
Maximizing Equation 3 subject to the total expenditure constraint yields:
and produces a system of demands that estimates intraregional and interregio nal consumption:
is the elasticity of substitution; 
The market size factor is included as an explanatory variable to capture the share of the amount of intraregional demand to interregional demand (larger markets are able to support more production and thus imports from larger market increase relative to intraregional goods). The market size variable is measured as the proportion of Illinois gross state product to the other region's gross state product by each industry sector.
Owing to the potentially important influence of spatial effects, the distance factor is included in the price expression in order to indicate that the closer the state is located to Illinois, the more likely the volume of interregional goods increases. Distance is calculated as the centroid distance between Illinois and the other 49 states.
Taking natural logs of both sides of Equation 5 yields
Substituting for the term m defined by Equation 6 into Equation 7 produces
is the natural log of the price ratio for interregional goods to intraregional goods.
The estimated parameters capture the effects of market size and distance as well as the 1 More details on the derivation of market size and distance factors may be found in Erkel-Rousse and constant term. The left hand side of Equation 8 is the natural log of the ratio of the demand for intraregional consumption to the demand for interregional consumption.
In addition to Equation 8, which we will label Estimation Model 1, another testable specification is considered. A weighted distance has been applied using the same calculation method (Head and Mayer, 2000) for Illinois and the rest of states in U.S in order to give a more economically meaningful consideration of distance. Let the weighted distances be expressed as follows: Gross State Product and employment data for each state are derived from the REIS (Regional Economic Information System) data set from the Bureau of Economic Analysis. Tables 1 and 2 The coefficient for market size is statistically significant at the 10 percent probability level and positive. The interpretation of this elasticity is that market size is positively related to the ratio of intraregional to interregional goods demand, which suggests that the share of intraregional goods increases relative to interregional goods if total gross state product in terms of production of the k th commodity in Illinois is larger. However, it should be noted that those commodities with relatively low price elasticities tend to have The coefficient for the distance factor is statistica lly significant and positive for all but one of the commodities in Table 1 (Estimation Model 1). For the coefficient for the weighted distance factor, Table 2 shows that the result is statistically significant and positive for eight commodities. This result generally suggests that the closer the trading region or the lower the transport cost, the more interregional goods trade. In both estimations, the coefficient on the distance or transport cost is lower than the price elasticities in Food, Beverage, and Tobacco Product Manufacturing and Transportation Equipment. From this result, it could be inferred that these two commodities tend to be more affected by price differences in the Illinois case, although distance or transport cost effects do exist.
Econometric Results
When comparing the price elasticities between commodities, Transportation Equipment (1.517 in Table 3 ), the elasticities for these four commodities seem to be higher than the range of elasticities estimated for the same commodities in other US studies which focus on international trade (i.e. national level estimates)and also the those of Bilgic et al. (2002) , which focuses on US interstate trade overall (rather than for individual states).
<<Insert Table 3 
about here>>
On the other hand, Table 3 shows that our estimates for the other nine commodities tend to be lower than those estimated in the other studies for trade at the national level (i.e.
international trade). Moreover, they tend to be lower or at the low end of ranges over commodities that US interstate trade elasticities are estimated by Bilgic et al. (2002) . This would seem to reinforce the conclusion drawn by Bilgic et a l that international trade elasticities should not be used as the lower bounds for regional trade elasticities for comparable goods, particularly where regional specialization may lead to lower levels of price sensitivity. Haddad and Hewings (2005) , on the other hand, use a higher interregional trade elasticity for manufactured commodities as a whole in their CGE model for Brazil. This is close to the default value applied in the Illinois CGE model below (2.0), and also reflects the argument that interregional trade elasticities are generally higher than international ones.
In terms of the specific Illinois case reported here, note that Tobacco Products is a very small sector in Illinois and the elasticities here should not be interpreted as reflecting any significant market structure. On the other hand, transport equipment (especially the first level supply chain components) and Machinery and Electric Equipment are major sectors and produce products with a high degree of spatial substitutability. Further, many of the components in these sectors are also part of complex value chains; the process of fragmentation (see Jones and Kierzkowski, 2005) has witnessed a significant transformation in the spatial allocation of production with the result that there is a great deal of intra-industry trade in these sectors generating increased competition and thus sensitivity to prices.
Impact of introducing estimated import elasticities to a CGE model of the Illinois economy (AMOIL)
We have (1991) and Ferguson et al. (2007) . We give an overview of the model in Table 4 . A condensed listing of the model variables and most important equations can be found at the journal's web-site with supporting material.
<<Insert Table 4 here>>
The key point for the testing of our estimated import elasticities is the specification of the production function and determination of the price of output. We employ a nested CES function for each of the 24 production sectors, where output is a combination of valueadded (capital and labor) and a composite intermediate input. Here, we assume that an 2 AMOS is an acronym for a macro -micro model of Scotland, the regional economy on which the CGE modeling software was initially calibrated (Harrigan et al., 1991) .
elasticity of substitution of 0.3 applies at each of these nests throughout (this is the default AMOS value, previously applied for UK regions). While these production parameters should be the focus on region-specific estimation in future research, it is worth noting there that the lower the substitutability between the composite intermediate input and value added, the greater will be the impact on the sectoral output price of restricting substitutability between domestic and imported goods as local prices change, and vice versa.
The intermediate composite involves a combination of goods and services produced in the US and the rest of the world (ROW) in a CES function. At the bottom level of the nest, the US composite also involves a CES combination but of goods and services produced in Illinois and the rest of the US (RUS). We assume cost minimization so that if
Illinois prices rise, there will be a substitution effect in favor of RUS goods. The degree of substitutability is governed by the value attached to the elasticity of substitution in this CES function. The default AMOS value is 2.0 and the results reported in this section involve testing the impact of introducing the (generally lower) estimated values reported in the previous section.
However, the current specification of the AMOS production and consumption functions involved composite goods rather than commodity level substitution possibilities between Illinois and RUS goods. Therefore, we need to adjust the estimates in Tables 1   and 2 to input them to the model. We adjust by first creating a weight matrix of commodity use for all Illinois sectors and final consumers. The numerator of each element is sector j's (consuming sector/final consumption activity) use of Illinois commodity i plus RUS commodity i. The denominator is total intermediates from Illinois and RUS. We then take the vector of estimated commodity elasticities (for both Model 1
and 2) as a column and multiply each element by each row element of the weight matrix (i.e. for each production sector and final consumer in turn), before summing down the columns for each user. This results in a weighted Illinois-RUS substitution elasticity for each sector and final consumer that we can introduce to the CGE model for Estimation Models 1 and 2 in turn (see Table 5 ). Given that we have not been able to estimate elasticities for all commodities, we impose values for the non-estimated or missing commodities. In the simulations reported below, we focus on the better fitting Estimation Model 1 and the cases where we take the elastic AMOS default values of 2.0 and inelastic values of 0.5 for the non-estimated commodities. 3 We also focus on results for the targeted sectors (where the greatest impact is felt) and on the variables impacting the adjustment of the economy.
<<Insert Table 5 here>>
For illustrative purposes, we introduce a simple demand shock : A 5% permanent step increase in ROW export demand for the outputs of the seven Illinois manufacturing sectors (9-15 in Appendix 1). Such a stimulus would be expected to increase long-run GDP, employment, consumption and investment in Illinois (we assume no other changes in economic conditions so that all deviations from the base year data can be attributed solely to the export demand shock). However, we assume that there are short-run supply constraints: it takes time for investment to occur to increase capital stocks and also for labor stocks to increase through in-migration. In the first period after the demand stimulus occurs, the only excess capacity in primary inputs is unemployed labor. Thus, initially there is upward pressure on wages, capital rental rates and the price of output in all sectors, but particularly the targeted manufacturing sectors. This is where the impact of varying the value of import elasticities is most important.
In the simulations below, we focus our attention on the short-run and specifically on how the value assigned to the substitutability between Illinois and RUS intermediates impacts on input choices and output prices in the targeted sectors, and how these impact the returns to capital and labor driving the adjustment of the economy. Generally, under the assumption of cost minimization (or utility maximization), as capital and labor prices rise in the short run, there is upward pressure in the price of commodities produced in Illinois.
This is dampened to the extent that producers can substitute away from value-added in favor of intermediates. As the price of goods and services produced in Illinois is pushed up, producers (and final consumers) will substitute in favor of imports from other US In the first numerical column of Table 6 we report the impact of the 5% increase in ROW export demand on the use of imported intermediates from RUS in the targeted manufacturing sectors. Reading down from the AMOS default case we first impose only the estimated parameters and then a lower value of 0.5 for all the missing commodities.
Observe that in each sector the increase in the use of RUS imports becomes smaller as the substitution effect becomes weaker.
However, examining the results for the use of Illinois commodities, while the substitution effect is negative (for sectors not directly targeted with the shock, this generally dominates, leading to a short run net decrease in the use of Illinois commodities), positive income effects from the exogenous increase in export demand causes a greater increase the lower the substitution elasticity. This is because local production is effectively protected in so far as, the more limited the ability to substitute in in favor of imports means that local producers must draw on local intermediates to meet increased consumption demand. This, in turn, is what causes the price of output in the targeted sectors to increase more with lower the import elasticities.
While the larger increase in output prices with lower elasticities restricts the growth of exports in response to the shock (because of the endogenous export demand response acting to offset the exogenous shock) it acts to increase the return on capital in each sector. This triggers a faster investment response where substitutability is lower.
Moreover, the greater short-run increase in labor demand pushes the real wage level up and the unemployment rate down more quickly, so that a faster migration response also occurs. Thus, despite the initial spike in local prices and reduced competitiveness in the short-run, supply constraints are relaxed faster under the more restricted import elasticity, so that the adjustment to a new long-run equilibrium is faster.
Conclusions
The econometric analysis conducted in this paper suggests that the interregional trade of transportation equipment, non-metallic mineral product, food and tobacco product and machinery and electric equipment are more sensitive to price differences than other commodities. Conversely, we find that more natural-resources based commodities have lower price elasticities. A possible explanation is that production of these commodities is regionally specialized and trade in them less dependent on price. These findings and interpretations seem to be consistent with the examination of Midwestern trade flows by Munroe et al. (2007) . Using a Grubel-Lloyd Index, they show that Illinois appears to have high trade overlap in high-tech industries (e.g. food products, fabricated metal products, and machinery) and more specialized trade in low-tech industries (e.g. fish, coal, ordinance or accessories, petroleum or coal, and clay, concrete, class or stone).
Additionally, the interregional trade elasticities estimated here tend to be lower than those estimated with US data or international trade data elsewhere in the literature. Our results are consistent with the conclusions of Bilgic et al. (2002) , who argue that trade elasticities for a regional CGE model should be considered less sensitive to differences in prices of intraregional trade goods versus interregional trade goods than in the country or international cases. This is in contrast with the more general expectation that regional trade elasticities should find their lower bound in international trade elasticities. A possible explanation as to why regional trade elasticities may be less price responsive than comparable commodity group elasticities for the US national case, or for international trade, may be that regional economies tend to specialize, with the amount of interregional trade driven by non-price barriers and lower transport costs. One option in investigating further would be to formally separate out transport costs in the production function to test the degree to which changes in these costs influence the spatial choice of inputs. Hewings (2005, 2007) test this argument in the context of a multiregional CGE model for Brazil.
The tests of the impact of introducing the estimated import elasticities into the Illinois CGE model demonstrate that these primarily impact on the initial response of the economy when labor and capital stocks are constrained. However, while more limited responsiveness to changes in Illinois prices does have implications in terms of competitiveness in the short-run, it also stimulates faster returns to factors of production, triggering a faster adjustment to a new long-run equilibrium. However, the CGE results also suggest that, while there is clear value added from the limited econometric parameterization reported here, it is important to attempt to widen the focus of econometric analysis to all sectors and commodities, including service sectors that are traded interregionally in the US. However, data availability is a problem in this respect, with the Commodity Flow Survey data here limited in terms of its scope. 
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